The purpose of this study is to identify the level of students' achievements in solving chemical problems in the form of algorithms and conceptual and open-ended problems. The objectives involve identifying and comparing the level of students' achievements on all three types of problems. This quantitative study was conducted using a descriptive design. A paper-and-pencil test was used as an instrument and distributed to 248 second-year college students at UTM, who were selected randomly. The data obtained were analysed by using SPSS software to perform the descriptive statistical analysis. Results show that the majority of the students (96%) could solve the algorithmic problem successfully. On the other hand, only 54% and 15% of students were able to answer the conceptual and open-ended questions respectively. This shows that most of the students failed to answer conceptual and open-ended problems because of their inability to understand the concepts underlying these problems. The findings of this research show that more effort needs to be made to enhance the students' conceptual understanding and problem solving skills in chemistry.
Introduction
Holroyd (1989) highlighted that problem solving is a key area in which students should gain experience in school because problem solving can support subject learning and develop skills. The problem-solving approach is prerequisite to an increased motivation to learn and provides challenges so that authentic learning is possible. Problem solving can be perceived in a variety of ways and can be recognised as an historical question. Nickerson (1981) emphasised that it is ambitious to want to develop competent thinkers and problem solvers through designing an educational process. Teachers are advised to use effective strategies to enable students to make reasonable judgments that have a bearing on the given problems.
The thinking about what type of knowledge can be applied to solve problems and how is not usually given to students (Nurbiha et al., 2012) . They can often neither apply the cognitive nor the effective skills in a school or an everyday context regarding how, where, and when to apply this kind of learning thinking. The influence of how, where and when problem solving skills can be applied and activated is related to the nature of the interaction and mediation between teacher and students (McGregor, 2007) . George (1980) stated that when human beings and animals have a goal, they have to solve the problem in hand, yet they do not know how to handle it. A person must acquire more information about how to achieve his goal if the goal is external to the person while the purpose is internal. In addition to that, the area of possible problems that require a solution is enormous, while the solution might be determined through ad hoc heuristic methods. Acquiring more information involves trial-and-error behaviour via the heuristic approach.
Besides this, assert that problem solving exists in every field of human enquiry and form of knowledge. Examples of typical problems in our everyday life include wondering about what to do on discovering a flat tyre, alternative ways to avoid traffic jams and finding ways to get to work earlier. These problems have to be solved as much as those in science and chemistry. Consequently, we can view life as a problem-solving exercise. Problem solving is similar to the process of living and it happens in every field of human prospects and forms of knowledge. Problems can be classified according to their criteria or associated variables. For example, Greeno & Simon (1998) illustrate a four-part typology of problems, which includes transformation, arrangement, inducing structure and deductive argument. Johnstone (1993) states that there are three variables associated with problems: the data provided; the method to be used; and the goal to be reached. Algorithms are useful for solving usual questions or exercises, as well as for providing a pack of rules mainly for calculating a specific answer and solution to an objective (Bordner, 1987) . However, Haláková & Proksa (2007) explain that a conceptual problem can present a chemical situation that the students have not learnt. Such questions ask the students to give reasons for a choice, to guess what happens next, to clarify why and how something happens, to connect two or more areas or topics, to identify questions phrased in a novel way, and to extract useful data from an excess of information. Open ended problems, however, may have a variety of solutions, which allows the students to see the broadness of the available methods for solving such problems . Thus, teachers and schools need to offer many opportunities for students to learn about such a variety of problems and learn how to use science to solve real-world problems.
Classification of Problems
Many researchers have created different systems by which to classify types of problems. Brabeck and Wood (1990) and Jonassen (1997) have categorised problems into well-structured and ill-structured. Table 1 (below) shows the differences between the two types of problems. 
Well-structured Ill-structured
The solution is known and all the required information is provided. The concepts used are limited in number and are organised in a stepby-step manner. Normally has one preferred method; different methods will give the same correct answer. The solutions are either correct or incorrect.
Many solutions exist, sometimes there is no solution. Do not have all the required information.
Involves various concepts with limited information about the concepts. Has many alternative paths to the solutions. The evaluation of the solution is slightly difficult; many decisions and judgements about the situation are necessary.
Another researcher, Johnstone (1993) classified problems based on three variables associated with the problem. A problem is considered as an algorithmic exercise when all the information, including the solution path, is known. In contrast, if the data, method or goal is not known, then the problem is regarded as an open problem. The variables involved in the categorisation of problem types according to Johnstone (1993) are as follows: (1) the data provided;
(2) the method to be used; and (3) the goal to be reached. Based on the amount of information possessed for each variable, Johnstone (1993) has identified eight types of problem as shown in Table 2 (below). Johnstone (1993) has further clarified that a Type 1 problem is algorithmic in nature and can be considered as an "exercise". Both Type 1 and Type 2 problems are the normal problems usually found in textbooks and examination papers. Type 3 and 4 are more complex problems that involve seeking data and reasoning. Types 5 to 8 are even more open problems, the characteristics of which resemble those of problems encountered in real life. The following sections of this report will discuss in detail the following types of problems: algorithmic, conceptual and openended problems.
Algorithmic Problems
As indicated earlier, an algorithmic problem is a problem where all the required data are provided, the method(s) of solution are known and the goal is clearly stated . This type of problem does not really test the student's problem solving ability but focuses on their ability to apply knowledge in a regular way. According to Frank et al. (1987) , algorithmic problems are useful for providing shortcuts for exercises. However, the disadvantage of them is that they hinder understanding when students face a real problem. Other researchers such as Nurrenbern and Pickering (1987) also claim that the use of algorithmic problems discourages the growth of conceptual understanding among students. Frank et al. (1987) added that if the initial response from the student is to choose which algorithms to use, it signifies that the student does not solve the problem at all. The students are supposed to be equipped with strong conceptual understanding of chemistry, to prepare them to minimise rote learning (memorising).
Conceptual Problems
A more recent focus has been on students' success in solving conceptual problems (Haláková and Proksa, 2007) . Compared to algorithmic questions, which are mathematically defined and can be solved by using algorithms, conceptual questions normally present a chemical situation that the students are not familiar with. This type of question requires the students to justify a choice, predict the next occurrence, explain a process, relate several topics, recognise questions expressed in a novel way and extract useful information from multiple sources or wide scopes. Therefore, students have to synthesise answers and evaluate the problem to come up with an appropriate mathematical tool for solving the problem. According to Cracolice et al. (2008) , a conceptual problem requires the students to work on their understanding of the concept behind the problem and there is no involvement of memorised procedure. In short, in order to solve conceptual questions, students need to have a strong conceptual understanding of the topics involved (Haláková and Proksa, 2007) . Haláková and Proksa (2007) explain that conceptual questions can be presented in many forms and types, such as "pictorial" and "verbal" forms. In the "pictorial" form, the information is expressed in the form of pictures or graphics, while in the "verbal" form, written words without pictures are used to describe the problem. Other researchers, Nurrenbern and Pickering (1987) , introduced the idea of six types of conceptual questions as follows:
i. Tiered multiple-choice questions which have a pair of questions, the first of which asks students about the phenomena that happened and the second of which provides the reason for the phenomena. ii.
Particulate questions that represent a chemical situation on the atomic or particulate level by using different sizes or colours for the circles or spheres representing the particles. iii.
Laboratory questions that involve using graphs, tables and other data to foresee or describe the phenomena which have happened in an experimental situation. iv.
Demonstration questions, where students need to answer questions after they observe a demonstration, video or simulation.
v. Analogy questions vi.
Series completion questions that require students to select an item that will complete a series. The use of conceptual questions is very important as it helps the students to have a more detailed learning experience, enhances their understanding and skills in applying their knowledge to new situations, improves their critical thinking skills and encourages their interest in science and learning. Furthermore, conceptual questions will assess the students' understanding of a topic instead of only assessing what they know and what they can do to solve a problem. It also provides a way to diagnose students' misconceptions (Robinson and Nurrenbern, 2006) .
Open-ended problems
According to Glover et al. (1990) , the problems most often encountered in our lives are ill-defined, multifaceted and open-ended. For such problems, there is normally more than one final solution and various possible methods of problem solving are involved. From a chemistry education point of view, the open-ended type of question is very useful for assessing whether the students have clearly grasped a certain chemical concept (SQA, 2010) . This type of question will normally require the students to draw on their understanding of the related key principals in solving the chemistry problem. The "open-ended" nature of the questions indicates that there is no unique correct answer. The advantage of using open-ended questions is that they encourage and reward creativity and analytical thinking among students. According to SQA (2010), the role of open-ended questions is to assess the key underlying concepts of chemistry, not to promote the recall of certain facts. This means that the students will not be hindered from answering the questions if they fail to recall a piece of information because there are always several alternative routes by which to reach the final solution.
Many researchers have suggested that problem solving is very important for algorithm questions, conceptual questions and open-ended questions (Smith and Metz, 1996; Cracolice et al., 2008) . Algorithm questions can be easily solved by memorising a set of step-by-step procedures (Cracolice et al., 2008) . Previous research has shown that a lot of students are able to solve algorithmic questions but fail to answer conceptual problems because of their poor understanding of the chemical concepts underlying the memorised algorithms. Most of the students only memorise and repeat the algorithms, without paying attention to the conceptual understanding underlying each topic (Smith and Metz, 1996) . Normally, students find that the easiest type of question will be the algorithm question rather than the conceptual and open-ended questions. The importance of preparing students to study and solve open-ended problems should be emphasised, since the skills gained will help them to solve many real-world problems which are typically open-ended .
Clearly, problem-solving skills have a very important role in developing students' conceptual understanding and preparing students for real-life problems. Thus, the purpose of this research is to identify students' level of achievement in solving three types of questions, namely algorithm questions, conceptual questions and open-ended questions. Besides that, students' achievement in solving algorithms and conceptual and open-ended problems will be compared. Specifically, the objectives of this research are: 1.
To identify students' achievement levels in solving algorithm problems.
2.
To identify students' achievement levels in solving conceptual problems. 3.
To identify students' achievement levels in solving open-ended problems. 4.
To compare students' achievement in solving algorithms, conceptual problems and open-ended problems.
Methodology
A quantitative study using a descriptive design was conducted to answer the research objectives. Data collection was carried out using a paper-and-pencil test. The test was developed by the researcher, and consists of problems in the forms of algorithms, conceptual problems and open-ended problems. Each item was checked by experts such as classroom teachers and the lecturer for content-validity purposes. The test was divided into three sections, namely algorithms, conceptual problems and open-ended problems. This research involved 248 college students (39 males, 209 females) enrolled in the Undergraduate Programme of Mathematics Education (minor in Chemistry) in Universiti Teknologi Malaysia. Data was collected in semester II, 2011/2012. The test was administered to students during the 13 th week of the chemistry class in semester II of academic year 2011-2012. Questions on calculation were given in section A. The items in Section B comprised two multiple-choice questions where students had to select the correct answer to a particular situation. For the open-ended question, students had to solve real-life problems based on their conceptual understanding of chemistry. This type of question requires the student to use their higher-level thinking skills. All the data collected was analysed using Statistic Packages for Social Sciences Version 15.0 for Windows (SPSS). Descriptive statistics such as frequency and percentage were used to analyse the data. The data analysis was carried out by marking the answer given by the respondents to classify their level of achievement. The students' level of chemistry achievement can be split into 2 categories based on the Malaysian Ministry of Education's procedure for assessment: a score of 40% and above is considered to be a pass, and the student is considered to have a higher level of understanding in a particular subject. A student with a score of below 40% is considered to have a lower level of understanding of the subject. Table 3 shows the students' achievement in solving the three types of problem. 
Results and Discussion

Achievement of students in solving algorithm problems
Overall, most of the students scored above 40% when attempting to solve the algorithm problems (96.07%). Only a small percentage of students (4.03%) could not solve this type of problem correctly. The questions in section A tested the students about the mole concept; they had to apply the correct formula to get the answer. Students scored full marks if they could use the correct formula and get the correct answer. Thus, these results show that most of the students can solve the algorithm problems easily because they require only rote memorisation. According to Bodner (1987) , algorithmic learning techniques can turn a question into an exercise, which only tests the students on their ability to use appropriate formulas and steps.
Achievement of students in solving conceptual problems
As can be seen in Table 3 , 54.04% of the students had a high level of achievement in conceptual questions, compared to only 45.96% whose scores showed a low level of achievement. This shows that there is a high number of students who remain weak in conceptual problem solving due to a poor understanding of the basic concepts involved in the problems. In addition, rote learning and algorithmic-type teaching can be seen as other factors that inhibit the students' ability to answer the conceptual questions. Many researchers have reported the difficulties faced by students when attempting to solve conceptual problems. Hence, this would be a wakeup call for educators to find other alternatives approaches to teaching and learning in order to promote the development of chemistry students' conceptual understanding. Meanwhile, there is a relatively even spread of students who demonstrated higher and lower levels of understanding, even though the percentage of high level marks (54.04%) is more than that of low level marks (45.96%). So, the data indicates that students have not well mastered conceptual questions. Conceptual questions typically ask about the natural world and investigating phenomena. Furthermore, conceptual problems require the students to use scientific reasoning that can be developed from general cognitive skills. It is said that students with poor reasoning skills cannot solve most conceptual problems (Cracolice, Deming and Ehlert, 2008) . For example, question number 1 in section B requires reasoning to solve the problem. This question tested the students' understanding of the reaction of hydrogen burning in air according to the reaction of 2H 2 + O 2 2H 2 O. The students needed to determine why heat is given off during this reaction. Students with a good conceptual understanding of the chemistry involved would know that during the reaction, hydrogen bond formation will give off energy. Based on Piaget's constructivism, there are cognitive differences in students' underlying reasoning abilities. These differences restrict a significant number of students from being successful conceptual-problem solvers (Cracolice, Deming and Ehlert, 2008) . Question number 2 in section B asked students about their understanding of chemistry at the microscopic level. Students had to predict the results of sulphur trioxide at the microscopic level (molecular arrangement) after the mixture had reacted completely according to the equation 2S + 3O 2 2SO 3. The results obtained showed that many students could not answer correctly due to a lack of understanding of the microscopic level.
Achievement of students in solving open-ended problems
The findings regarding the students' achievement level in solving open-ended problems are summarized in Table  3 . Only 14.52% of the students achieved high-level marks and can be considered to be high achievers. Overall, most of the students, 85.48% of them, seemed to face difficulties in solving open-ended chemistry problems. Many challenges would be faced by the students as they attempted to solve the open-ended problems. Such problems tend to be multi-faceted and significant real-world problems. Some of the difficulties the students encountered when approaching the problem were probably due to their failure to use the essential information given or to look for information from other sources and then organise this material in order to alter it and come up with a solution to the problem. For instance, many simply wrote down the formula they had memorised and then worked towards the solution instead of thinking about other possible solutions using the basic concepts that they had learned in chemistry. The overall data also shows that the percentage of those achieving certain levels in open-ended problems is high at the low level and low at the high level. It is also shown that the mean of open-ended questions is the lowest compared to the other types of problem (algorithm and conceptual). Good open-ended questions require students to truly grasp a chemical concept and present a real-life context that is interesting and relevant to the students. It also presents a scenario or challenge that invites students to demonstrate their chemical insight (SQA, 2010) . For example, question number 1 in section C required students to draw on their understanding of chemical concepts or principles in order to solve the problem or challenge. It tested the students' understanding regarding the chemical reaction used to produce potassium salt and hydrogen cyanide. Students with a good conceptual understanding may give a convincing explanation as to why Rasputin may not have been poisoned by the cake or the wine, and, indeed, also brought in a suggestion regarding the effect of heat during the baking of the cake (SQA, 2010) .
The open-ended questions are more difficult and complicated compared to the conceptual and algorithm questions. These open-ended questions promote and reward creativity and analytical thinking (SQA, 2010) . For example, question number 2 in section C asks students to explain the reasons for hydrogen being placed above either Group 1 or Group 7. To answer this question, students must have a good understanding of the hydrogen element. Their answers might include information about electron arrangement, ion formation, bonding in molecular hydrogen and the reactivity of hydrogen gas, amongst other things (SQA, 2010) . It was recommended that students could draw the arrangement of electron in hydrogen to give more accurate answers (Haláková and Proksa, 2007) . Moreover, the advantages of the open-ended questions include avoiding the bias that may result from suggesting responses to individuals rather than discovering the responses that individuals give spontaneously. Open-ended questions can also be used effectively for revision or consolidation purposes, to promote discussion and review of a topic or concept. In the Malaysian curriculum, open-ended questions are rarely and hardly emphasized. So, students will be lacking in terms of the skills needed to give an explanation, which in turn exposes the students to difficulties in answering questions and solving open-ended problem beyond their abilities. Their explanation skills are not sufficiently developed to allow them to successfully solve open-ended problems. Most of the students will only develop their explanation skills if they are required to do so, especially during the examination (Cracolice, Deming and Ehlert, 2008) .
Comparison of students' achievement in solving algorithm, conceptual and open-ended problems
A repeated-measures ANOVA was used to compare the means of students' performance in each of the problem types. The analysis of the hypothesis testing is shown below in Table 4 . The significant values obtained were 489.85 and 0.0001 respectively. Therefore, the null hypothesis is rejected and alternative hypothesis is accepted. There are significant differences in student achievement levels in the three problem-solving areas. The partial eta squared value reveals that 91.2% of the variability in the data is accounted for by the differences between the problem types. The lowest mean, students' achievement level for solving open-ended problems, indicates that the students faced many difficulties when trying to solve this type of problem. Figure 1 explains that most of the students were low achievers as regards their attempts to solve the open-ended problem. This shows that the open-ended problem is the most difficult type of problem to be solved, compared to the other two problems. However, an algorithm problem seems to be an easy question for the students. 
Implications of The Studies on Teaching and Learning Process
The findings from this research indicate that many students lack a conceptual understanding of chemistry topics. Most of them are capable of answering algorithmic questions but fail to answer conceptual and open-ended problems. Therefore the following recommendations should be taken into consideration in order to enhance the students' mastery of conceptual understanding in the chemistry subject.
Teaching Students Conceptual Development
Recognising students' conceptual problem solving difficulties, chemistry teaching should emphasise the development of students' conceptual understanding. Johnstone (1991) suggested a perspective from which students could understand and digest chemistry knowledge (Figure 2 ).
Figure 2:
Macro-micro-symbol triangle (Johnstone, 1991) Based on the triangle mentioned by Johnstone (1991, above) , there are three domains in chemistry that are related to each other. These are the macroscopic domain, which is tangible, edible and visible; the microscopic domain, which includes the molecular, atomic and kinetic parts; and lastly symbolic or representational chemistry, including the use of symbols, equations, stoichiometry and mathematics. Because of this complexity in the nature of chemistry knowledge, students find it hard to study all three levels at the same time. Research has revealed that the part of chemistry which students find most difficult to learn is the sub-microscopic level and many scientific misconceptions have arisen regarding this level (Nakhleh, 1993; Garnett and Hacking, 1995) . Therefore, propose that teachers should help students to understand the macro-micro-symbol triangle and avoid rote knowledge.
Teaching Problem-Solving in the Real-life Context
Studies have shown that students have difficulty solving open-ended problems. This requires that teaching chemistry emphasises problem-solving in real-life contexts. According to , real-life problems always take the form of open-ended problems which can effectively develop a student's problem solving skills. These skills are not only theoretical but also practical in life and can be used directly in their lives outside of the classroom. Real-life problems could also help students relate learning to daily life and increase their motivation forand interest in -chemistry (Robinson, 2003) .
Conclusions
The results of this research show that more effort is still needed to enhance students' conceptual understanding of chemistry. Both teachers and students play an important role in developing problem-solving skills in chemistry. Therefore, it is hoped that this research can serve as a reference point for future researchers conducting more studies in this field.
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